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CALIBRATION O F  
PHOTOCON PRESSURE TRANSDUCER 
MODEL NO. 464-150 
By Ronald Brown and John J. Van Houten 
LTV Research C e n t e r ,  Western Div is ion  
Ling-Temco-Vought, Inc .  
SUMMARY 
U t i l i z i n g  t h e  techniques  developed under Task I of t h e  i n v e s t i g a -  
t i o n  of the c a l i b r a t i o n  of microphones t o  be  used f o r  s o n i c  boom 
e v a l u a t i o n ,  t h r e e  Photocon microphone systems have been c a l i b r a t e d .  
Th i s  c a l i b r a t i o n  i n c l u d e s  a measurement of t h e  frequency response  
o f  t h e  t r a n s d u c e r s  ob ta ined  by u s e  of  an i n f r a s o n i c  pis tonphone 
i n  t h e  frequency r ange  from 0.01 Hz t o  10  Hz.  The e f f e c t  on t r a n s -  
ducer  s e n s i t i v i t y  by changes i n  t r a n s d u c e r  ba l ance  s e n s i t i v i t y  w a s  
e v a l u a t e d  and found t o  vary cons iderably  w i t h  ba l ance  m e t e r  read-  
i ng .  
s t a t e  response  of t h e  t r ansduce r  as w e l l  a s  t h e  r ise  t i m e  and 
ove r shoo t  c h a r a c t e r i s t i c  t o  a step func t ion .  F i n a l l y ,  u t i l i z i n g  
t h e  e lectrostat ic  a c t u a t o r  system developed f o r  NASA t o  produce 
N-wave p r e s s u r e s  on a microphone, t h e  Photocon t r a n s d u c e r  response  
t o  an i d e a l  N-wave w a s  ob ta ined .  
1 
An electrostat ic  a c t u a t o r  w a s  used t o  o b t a i n  b o t h  t h e  s teady  
INTRODUCTION 
A r epor t ’  h a s  been prepared  d e s c r i b i n g  an e l e c t r o s t a t i c  a c t u a t o r  
s y s t e m  f o r  producing both  s teady  s t a t e  and t r a n s i e n t  s imula ted  
Brown, R.; and Van Houten, J. J.: I n v e s t i g a t i o n  of t h e  C a l i -  
b r a t i o n  of  Microphones f o r  S o n i c  Boom Measurement. Technica l  
Report  No. 0-71200/7TR-112, LTV Research Center ,  Western 
Div i s ion ,  1967. 
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p r e s s u r e s  on t h e  diaphragm of a microphone. Included i n  t h i s  
report i s  a procedure which provides  a measure of  t h e  v a r i o u s  
character is t ics  of i n t e r e s t  f o r  a t r a n s d u c e r  be ing  used f o r  t r a n s -  
i e n t  p r e s s u r e  measurements. This procedure h a s  been summarized 
i n  .Table I. To provide  an example o f  the implementation of  t h i s  
procedure ,  a c a l i b r a t i o n  has been performed on a Photocon pres- 
s u r e  t r a n s d u c e r .  The r e s u l t s  of t h i s  c a l i b r a t i o n  are inc luded  
i n  t h e  material  t o  fol low.  
TRANSDUCER CALIBRATION 
F i g u r e  1 i l l u s t r a t e s  t h e  l o w  frequency p r e s s u r e  response  of  
three Photocon t r ansduce r s .  The d a t a  w e r e  ob ta ined  u s i n g  the 
i n f r a s o n i c  pis tonphone up t o  10  Hz and a s t anda rd  audio  p i s ton -  
phone a t  f r e q u e n c i e s  t o  200 Hz. This c a l i b r a t i o n  h a s  been made 
w i t h  a n  accuracy o f  2 0.2 dB. 
p r e s s u r e  response ,  shown i n  F igure  2 ,  is  ob ta ined  us ing  an  
e lectrostat ic  a c t u a t o r .  T h i s  curve i s  an  exact r e p r e s e n t a t i o n  
of t h e  microphone p r e s s u r e  response.  C o r r e l a t i o n  between the 
The remainder o f  the  microphone 
frequency and t i m e  domain response o f  the microphone can a lso b e  
demonstrated u s i n g  the e lec t ros ta t ic  a c t u a t o r .  The  s tep func t ion  
r e sponse  of the  t r ansduce r  i s  also shown i n  F igu re  2 .  T h e  electro- 
s t a t i c  a c t u a t o r  may b e  used t o  o b t a i n  the  microphone s e n s i t i v i t y  
b u t  t o  a lesser degree  of  accuracy.  
The waveforms shown i n  F igu re  3 i l l u s t r a t e  t h e  technique  of simu- 
l a t i n g  a complex p r e s s u r e  waveform u t i l i z i n g  t he  e lectrostat ic  
a c t u a t o r .  Th i s  t y p e  of  s imula t ion  i s  e s p e c i a l l y  u s e f u l  when t h e  
microphone i s  sub jec t ed  t o  complex waveforms w h i c h  are  n o t  e a s i l y  
t ransformed from the t i m e  t o  frequency domain. I t  can a lso b e  
used as a n  a c c u r a t e  one-step procedure f o r  c a l i b r a t i o n  of a micro- 
phone t o  be used i n  a s p e c i f i c  a p p l i c a t i o n  such as  s o n i c  boom 
measurements. 
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The t u n i n g  s e n s i t i v i t y  of t b e  Dynayage 
by t h e  l e n g t h  of microphone c a b l e ,  was 
system, a f f e c t e d  primari1.y 
measured us ing  t h e  p i s t o n -  
phone. The d a t a ,  shown i n  Figure 4 ,  i n d i c a t e  a change i n  a c o u s t i c  
s e n s i t i v i t y  of approximately 4 dB w h i l e  t h e  m e t e r  r eads  i n  t h e  
green  a r e a .  This  i s  a p o t e n t i a l  sou rce  of e r r o r  which should be 
cons ide red  when making a c o u s t i c  measurements. 
TRANSDUCER MOUNTING TECHNIQUES 
DURING F I E L D  APPLICATION 
The Photocon p r e s s u r e  t r ansduce r  was p o s i t i o n e d  i n  t h e  p i s t o n -  
phone wi th  a ground mounting board s i m i l a r  t o  t h o s e  used i n  f i e l d  
a p p l i c a t i o n s .  A f i x t u r e  i n  t h e  board p rov ides  a r e s i l i e n t  mounting 
f o r  t h e  microphone and p r o t e c t i o r .  f o r  t h e  ven t ing  t u b e  t o  t h e  
c a v i t y  below t h e  microphone di-aphragm. No d e t e r i o r a t i o n  i n  low 
frequency response  a s  a r e s u l t  of t h e  mounting procedure was 
observed.  A s  long a s  t h e  h o l e  under t h e  microphone i s  reasonably  
s i z e d ,  no d e t e r i o r a t i o n  i n  low frequency response  of t h i s  micro- 
phone w i l l  occur .  I n  t h e  even t  t h a t  t h e  microphone was p o s i t i o n e d  
on t h e  ground wi thou t  adequate  volume provided ,  t h e  ven t ing  could  
be " s h o r t  c i r c u i t e d "  and t h e  low frequency response c h a r a c t e r i s t i c s  
of t h e  microphone would be  a l t e r e d .  However, w i th  NASA's c u r r e n t  
mounting procedure  it i s  u n l i k e l y  t h a t  t h i s  s i t u a t i o n  would e x i s t .  
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TABLE I CALIBRATION PROCEDURE 
STEP PROCEDURE DESCRIPTION INFORMATION DERIVED 
1A Infrasonic Pis tonphone Calibration Microphone Sensitivity at 94 or 
( 2  Frequencies in Passband) 114 dB SPL 
1B Inf r as  oni c Pis t onphone Frequency 
Response (0.01 Hz t o  10 Hz) 
Microphone Low Frequency 
response at 94 o r  114 dB SPL 
2A ESA Frequency Response 
(0.1 to  20,000 Hz) 
2B 
3 
ESA Sensitivity Calibration 
( 2  Frequencies in Passband) 
a) Electronics Low Frequency 
b) Microphone Pressure  
Response 
Response 
Microphone Sensitivity at Levels 
to 128 dB SPL for Comparison 
with Step 1A 
ESA Complex Waveform Response N - Wave Response, R i s e  Time 
Characteristics, etc. 
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